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• The study of the ∆η-∆φ correlation 
functions for proton-proton, proton-
ion and ion-ion collisions, has drawn 
lots of attention in the last years. The 
correlation functions appear to have 
similar characteristics.  

• Two “ridge-like structures”, the 
important here is the enhancement 
on the near side, relative azimuthal 
angle ∆φ ≈ 0, that extends over a 
wide range in relative 
pseudorapidity (|∆η| ≈ up to 4).  

• That long-range near-side 
correlation is known as the “ridge”.
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The near-side ridge effect



Correlation functions
• The two-particle correlation function is often defined in pseudorapidity and azimuthal 

space as  

• S denotes the signal distribution which is built with particle pairs from the same event. 

B stands for the background distribution which involves particle pairs taken from 

different events; ∆η = η1 − η2  and  ∆φ = φ1 − φ2 are the pseudorapidity and azimuthal 

angle differences respectively between the particles with indices 1 and 2 which are 

labelling the trigger and associate particles. 

• event1 = (1,2,3,4), event2 = (i,ii,iii,iv):  

signal —>pairs {(1,2), (1,3), (1,4), (2,3), (2,4), (3,4)} 

background —> pairs {(1,i), (1,ii), (1,iii), (1,iv), (2,i), (2,ii), (2,iii), …} 



Correlation functions
• The two-particle correlation function is often defined in pseudorapidity 

and azimuthal space as 
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 For particles from the same jet (red):

- Δφ ~ 0

- Δη ~ 0

ΔηΔφ two-particle angular correlations





1975





arXiv:1311.2574 



taken from https://arxiv.org/pdf/1009.4122.pdf

https://arxiv.org/pdf/1009.4122.pdf


taken from https://arxiv.org/pdf/1009.4122.pdf

https://arxiv.org/pdf/1009.4122.pdf


taken from https://arxiv.org/pdf/1510.03068.pdf









“In contrast to the results 
from high multiplicity pp, 
pA and AA col l is ions, 
w h e r e l o n g - r a n g e 
correlations with large 
pseudorapidity gap are 
observed, no significant 
enhancement of long-range 
correlations is observed in 
e+e− collisions. The data 
a r e c o m p a r e d t o 
generators that do not 
include additional final-
state interactions of the 
outgoing partons. The 
results are better described 
by the pythia and sherpa 
generators than herwig.” 




“…A long-range near-side excess in the correlation function has been identified in the analysis when 
calculating particle kinematic variables with respect to the thrust axis.”









“In particular, the baryon–baryon (antibaryon–antibaryon) pairs show a considerable 
depletion called anticorrelation”





• There are two mainstream mechanisms (and many 
others) that give an explanation of the ridge effect in 
small systems (proton-proton and proton-ion collisions) 

• The ”domain structure of the target” and the ”glasma 
graph approach” —initial state mechanism— within the 
Color Glass Condensate effective field theory (CGC). 

• The viscous relativistic hydrodynamics —final state 
mechanism— strong final state evolution described by 
hydrodynamics. Collectivity that implies a strongly 
coupled quark gluon plasma (QGP) that flows.

The near-side ridge effect



The near-side ridge effect
• The study of two-particle correlations is a powerful tool 

in exploring the underlying mechanisms of particle 
production.  

• How do ridge-like structures emerge in perturbative 
Quantum Chromodynamics (QCD) in multiparticle 
production?  

• Up to which degree can the ridge effect in proton-
proton collisions be explained by the first principles of 
QCD and how does it generalize to heavy ion collisions? 



one step between: from 
particles to minĳets 

(partons)





First principles pQCD?
• The study of particle-particle angular correlations is an essential tool to 

probe the relevant dynamics that governs the strong force.  

• The interpretation of the ridge in proton-proton collisions is a huge 
challenge but at the same time an opportunity to probe QCD in unique 
ways.  

• Various attempts so far to give a full account of the cause behind the 
ridge have not succeeded.  

• It could be that novel phenomena or even new physics are behind the 
correct interpretation of the long-range correlations, however, this 
possibility cannot be seriously explored before we fully understand the 
role of QCD. In particular, the role of perturbative QCD.  First principles 
QCD, that is, avoiding any modelling to the extend that such an effort is 
feasible, needs to be confronted with the ridge effect on the basis of 
Monte Carlo simulations against the correlation distributions that are 
available from the experimental data.  



Pythia simulations — pp

Partons Minijets

partonic min pT = 1 GeV 
minijet min pT = 1 Gev, R = 0.5  



Pythia simulations — pp

Partons Minijets

partonic min pT = 5 GeV 
minijet min pT = 5 Gev, R = 0.5  



Pythia simulations — pp

Partons Minijets

partonic min pT = 20 GeV 
# of minijets > 10 

minijet min pT = 5 Gev, R = 0.5  



Pythia simulations — pp

Partons Minijets

partonic min pT = 20 GeV 
# of minijets > 10 

minijet min pT = 5 Gev, R = 0.5 
1 < ptForward/ptBackward < 1.5 (and reverse) 

4 < max ΔY < 9.4 



BFKLex simulations — pp

Minijets

partonic min pT = 5 GeV 
minijet min pT = 5 Gev, R = 0.5



BFKLex simulations — pp

Minijets

partonic min pT = 5 GeV 
minijet min pT = 10 Gev, R = 0.5
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Two-particle ΔηΔφ angular correlations
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